Unpleasant specimens, sensitive analytes, and a lengthy chromatographic procedure were the main reasons we implemented fecal porphyrin analysis with a laboratory robot. We describe the systemindetail and compare it with the same technique performed manually. The dayto-day variation of assays of standards was lower with the robot than with the manual operation: 8% (CV) for coproporphyrin I and 11% forprotoporphyrin IX. We repeatedly analyzed a specimen from a healthy volunteer and determined that the specimen contained (in nmol/g dry wt) 7.1 (SD 0.7) for coproporphyrin I, 3.0 (SD 0.4) for copropor- In developing this prototype system, we also aimed at testing the applicability of a laboratory robot in the clinical laboratory, especially for analyses of fecal specimens.
We also present characteristic chromatograms for samples from various different porphyrias that exhibit abnormal fecal porphyrin excretion. Calculations of return on investment show that the robot, working at full capacity, is a profitable tool. rins, including isomer determination (3) (4) (5) (6) ; however, optimal chromatographic conditions require gradient separation, a lengthy procedure (4). In our experience, to avoid having extracts stand for long periods In developing this prototype system, we also aimed at testing the applicability of a laboratory robot in the clinical laboratory, especially for analyses of fecal specimens.
Materials and Methods

Work Station
The work station consisted of an IBM-compatible AT-version personal computer (PC; Model Vectra, from International GmbH, Bad Bidel, F.R.G.) was connected to the parallel interface.
The Robot
The robot, a Zymark laboratory automation system, comprised a System V controller with software version 1.5, the Zymate U core system (the robot arm), a first manipulator (hand A, for tubes with diameter 9-16 mm), a second manipulator ( 
Development of the System
Implementing robot use requires an exact analysis of each step of the process to be automated.
To illustrate that analysis, we describe in detail our manual extraction method for measuring fecal porphyrins by HPLC, based mainly on the work of Lim and Peters (4):
We process two samples of each specimen. We add each sample to a preweighed tube, one sample in the range of 300-500 mg wet weight, the other -1 g wet weight, and then determine the exact wet weights. We dry the 1-g sample in an oven at reduced pressure to obtain the dry weight of the specimen. The other sample is analyzed by adding 2 mL of concentrated hydrochloric acid to the sample and vigorously shaking it for several minutes on a vortex-type mixer. We add 6 mL of diethyl ether to extract any interfering compounds and vortexmix the sample again. After diluting the mixture with 4 mL of ultrapure water and mixing again, we centrifuge the sample to separate the layers. Then 1.5 mL of the water phase is filtered and 20 L of the filtrate is analyzed by HPLC.
On the basis of this manual procedure, the following facilities for robotic sample preparation are required: a weighing station; a heater for sample drying; a pipetting station; a dilution station for adding HC1, diethyl ether, and water; a vortex-mixing station; a centrifuge; a filtration station; an injection port; a cooling rack for storage of samples and standards until processing; two racks for sample tubes; two manipulators for tube handling; and a waste box. The schematic configuration of our system is shown in Figure 1 and an integrator; and the computational facilities, including the robot controller and a PC as a supervisory system controller. The electrical connections between the three units are represented by broken lines in Figure 1 . The connections between the robot controller on one side and the robot arm and the robot peripherals on the other side enable us to control specific actions of these devices, to test their status, and to retrieve any information gained by these devices, e.g., the weight of a sample measured by the balance.
The connection between the controller and the HPLC system is unidirectional (nos. 1 and 2) and is mediated by a relay station (power-and-event control) that starts both the gradient system and the integrator at the time of injection. The second communication line of the The robot arm and the peripherals are controlled by a computationaldevice, the system controller. The arm is centrally located among the different laboratorystationsthat it serves.Theperipheral devicesconsistofthree racks, one of which is cooled to 4 C; two manipulators for tube handling; one manipulatorfor pipetting, with a rack for the tips; dilution and vortex-mixing stations; a balance; a centrifuge; a heater; a waste bin; and an injector. Capillary PEEKtubing (solid line) connects this injector to the HPLCsystem, for introducing the sample extract into the chromatograph. PEC, power-andevent control station; PC, personal computer. The electrical connections are given by broken lines: I and 2 close contacts; RS 232 C unidirectional confIguration (9600 baud. 8 data bits, no parity, I stop, no handshake); 4: HPIB as talker, unidirectlonai; 5: Zymark high-speed serial interface, bidirectional with special protocol, comparablewith some PS/2 serial ports; 6 and 7: Zymark serial interfaces with special protocols HPLC system is directed at the supervisory PC (nos. 3 and 4): When the integrator has computed the peak areas of a chromatogram, it transfers the data by the serial (RS 232C unidirectional) data line (no. 3) to the A1500 interface, which converts data so that they are suitable for the parallel HPIB ( The concentration of porphyrins in samples is calculated by manual allocation of peak areas to specific porphyrins and by comparison of the peak areas with the values for the standard curve. We considered using automated computation of standard curves and samples, but the presence of many porphyrin isomers, especially in pathological samples, makes visual inspection and human judgment of the chromatograms inevitable.
Results
The robot requires -20 mm to prepare one sample, and one chromatographic run takes 65 mm. Thus, the chromatographic analysis time determines the schedule. The robot begins preparing the sample so that the sample extract is just ready to inject into the HPLC when the preceding chromatographic run is finished and the system is again equilibrated. The tubes for dryweight determination are weighed and dry weight is calculated between sample preparation cycles. The reproducibility of standard curves is shown in Figure 2 . The mean (and SD) peak areas for 10 consecutive curves of coproporphyrin I and protoporphyrin IX are plotted vs the concentrations. The CV for integrated peak areas was 8% for coproporphyrin I and 11% for protoporphyrm IX. This day-to-day reproducibility of the standard curves performed by the robot was better than that of the manual technique (for coproporphyrin I, CV = 15%, and for protoporphyrin IX, 20%). The curves were linear between 2 and 8 pmol per injection for coproporphyrin I (which corresponds to 7.5-30 nmol/g dry weight) and between 7.5 and 30 pmol per injection for protoporphyrin IX (which corresponds to 25-100 nmollg dry weight). The range for the standard curves was chosen to include normal and pathological concentrations in the fecal samples. A fecal sample from a healthy volunteer was analyzed five times on the same day ( Table 1 ). The resulting CVs for coproporphyrin I, coproporphyrin ifi, and protoporphyrin LX were 10%, 13%, and 10%, respectively. The interassay CVs, determined in a normal and in a pathological sample, were between 6.9% and 12.8% for coproporphyrins and between 10% and 13.9% for protoporphyrin. To appreciate these values, one must remember that feces are not homogeneous materials even after The chromatogram of a fecal extract from a patient with porphyria cutanea tarda shows many different porphyrin isomers, not all of which could be identified. Figure 3 illustrates that the focal porphyrins exhibit characteristic patterns and therefore are useful in distinguishing the different porphyrias.
Discussion
Robotic sample preparation for analysis by HPLC has been used before in the clinical laboratory (7) but not for fecal specimens.
The robot was easily accepted as a working tool, even by personnel with little technical knowledge, after careful instruction including a step-by-step description of the required operations. Handling of fecal samples was reduced by our system, which was greatly appreciated by the technicians.
Our robot performs more of the required tasks than does the sample processor described by Li et al. (8) .
Reproducibility is better with the robotic system than with manual determinations.
Normal and pathological specimens were tested in the system, with the results given in Figure 3 . The versatility of the program allows us to change the number of samples to be analyzed during a run, so that late-arriving samples or dilutions of highly abnormal specimens can be added without interrupting the analysis. Although the robot handles concentrated hydrochloric acid and diethyl ether for this procedure, it has run without interruption for one year. However, we monitor the robot continually because of the caustic and explosive reagents used for analyses.
Use of concentrated hydrochloric acid yields maximal fluorescence intensity of the porphyrins, and the diethyl ether results in clean chromatograms.
In the beginning of our project, we wondered whether the great variation in consistency of fecal specimens would make robotized sample preparation impossible. We overcame this by using a prolonged mixing at the We present an estimate of cost return in Table 2 .
Calculations were made in Swiss francs (SFr) and US$.
Our whole system, including the HPLC, cost 170 000 SFr (US$ 113 000). Employing a specially trained technician to supervise the system costs an additional 50000 SFr (US$33 000) per year. Because the development of the system required a half year, the initial investment cost of the robot increased to -200 000 SFr (US$ 133 000). Reagents and consumables cost -20 000 SFr (US$ 13 300) per year for the robot working at full capacity. The depreciation of this investment (within seven years) and the remuneration for consumables require that 50000 SFr (US$ 33000) be earned with this assay each year.
With our robotic system, we have the capacity to analyze as many as nine specimens and four standards per day, which comes to -2000 specimens per year. At 
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